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Two iodopeptides were isolated from thyroglobulin that had been 
digested with trypsin by paper electrophoresis and paper chroma-
tography. The amino acid analysis demonstrated that the amino 
acid compositions were similar. The N-terminal amino acid of both 
iodopeptides was shown to be leucine. The amino acid sequence of 
one of the iodopeptides was determined by the Edman degradation 
method and digestion with the enzyme Carboxypeptidase A. The 
sequence was shown to be: NH -Leu-Asn-Ala-Ser-Glu-MIT-Gly-Thr-2 
Ser-Gly-COOH. Other workers have shown that synthetic tyrosyl 
peptides with the sequence Glu-Tyr are iodinated by the thyroid 
peroxidase enzyme with a greater specificity than other tyrosyl 
peptides. This specificity would seem to indicate that the 
glutamic acid residues act as a recognition site for the thyroid 
peroxidase enzyme in the iodination of the tyrosine residues. 
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I. INTRODUCTION 
Thyroglobulin is an iodinated glycoprotein found in the thyroid 
gland. There are approximately 120 tyrosine residues per molecule 
of thyroglobulin of which between 10 and 25 are iodinated under 
normal in vivo conditions. Thyroglobulin can be iodinated 
chemically whereas in native thyroglobulin the iodination of the 
tyrosine residues is probably catalyzed by an enzyme. Since approxi-
mately three times as many of the tyrosine residues of thyro-
globulin are iodinated chemically as are iodinated enzymically, 
it is believed that the amino acid sequence around the tyrosine 
residues of thyroglobulin may affect the specificity of the 
enzyme used in the iodination of thyroglobulin. Much work has 
been done in determining the various physical, chemical, and 
molecular properties exhibited by thyroglobulin, but only recently 
has there been any work done on the determination of the amino 
acid sequences of peptides isolated by the hydrolysis of thyro-
globulin. With the advent of automated equipment and improved 
techniques, thyroglobulins from the various species have been 
hydrolyzed and complete amino acid analyses have been performed. 
As the amino acid sequences of various iodopeptides isolated 
from hydrolyzed thyroglobulin are determined, more insight into the 
mechanism of the iodination of the tyrosine residues of thyroglob-
ulin will be revealed. In this research a sample of porcine thyro-
globulin was hydrolyzed with trypsin, and two iodopeptides from 
the hydrolyzed thyroglobulin were isolated and purified by paper 
1 
chromatography and paper electrophoresis. Amino acid composition 
analyses have been performed on the two iodopeptides, and the 
sequence of one of the iodopeptides has been determined by Edman 
degradation and hydrolysis with the enzyme Carboxypeptidase A. 
Direct identification of each PTH-amino acid formed at each degra-
dation has been accomplished by comparison with PTH-amino acid 
standards using chromatography. A knowledge of the sequence of 
iodotyrosyl containing peptides is essential in order to carry out 
peptide synthesis and enzymic iodination studies. 
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II. LITERATURE REVIEW 
A. PROPERTIES OF THYROGLOBULIN 
Thyroglobulin is the iodine containing glycoprotein of the 
thyroid gland. It serves as a storage place for the thyroid hor-
mone, thyroxine, and provides a matrix for its synthesis. Although 
other iodoproteins, as well as minute amounts of non-protein bound 
iodine, can be found in normal thyroid tissue, thyroglobulin con-
tains most of the iodine in the thyroid gland. This organic iodine 
in the thyroid gland is found in the form of peptide linked 
iodoamino acids. Approximately one third of this iodine is in the 
form of thyroxine. There is also a small amount of 3,5,3'-triiodo-
thyrouine, but most of the thyroglobulin iodine is present as 
3-iodotyrosine and 3,5-diiodotyrosine· (Robbins, 1963) 
Although considerable information has been obtained in recent 
years in regard to the composition, physical properties, and the 
biosynthesis of thyroglobulin, the exact nature of the subunits 
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of which it is composed is still uncertain. Thyroglobulin has been 
found to have a molecular weight of 660,000 and to have a principal 
component which has a sedimentation coefficient of 19 S. Two heavier 
components (27 Sand 31-34 S), which are believed to be polymers of 
the 19 S component, and three lighter components (8 S, 12 S, and 17 S) 
are also present. (Charlwood et al., 1970) 
It has also been shown through studies conducted on bovine 19 S 
thyroglobulin (DeNayer & DeVisscher, 1970) that there seem to be 
two species of 19 S thyroglobulin molecules based on their ability 
to dissociate into two 12 S subunits when treated with either guanidine 
or urea. These two species are classified as the dissociable and the 
non-dissociable species. The non-dissociable species is composed 
of two 12 s subunits held together by a few s-s bonds, whereas in 
the dissociable species the two 12 S subunits are held together by 
non-covalent bonds and readily dissociate in 6 M guanidine. From 
the work done on bovine thyroglobulin by DeNayer and DeVisscher, it 
has been shown that 19 S bovine thyroglobulin contains 101 disulfide 
bonds. If these bonds are completely reduced, four nonidentical 
polypeptide chains form with a molecular weight each of 165,000. 
This shows that the tertiary structure of the various thyroglobulins 
is held by disulfide bonds. In a study by Inoue and Taurog (1968), 
it was shown that increasing the concentration of methylmercapto-
imidazole produced greater dissociation of the 19 S component to the 
12 S component and resulted in the formation of another slower 
sedimenting component which had a sedimentation value near 8 S. 
Work done by Alexander (1968) with rat thyroglobulin seems to 
indicate that the two 12 S peptide chains which make up the 19 S 
thyroglobulin molecule are dissimilar. The justification for this 
belief was the fact that when rat thyroglobulin was labeled with 
radioactive iodine and digested with trypsin, there appeared 19 
definitive radioactive peptides that were separated by electropho-
resis and chromatography. Hydrolysis of each of the peptides 
4 
revealed that four of them contained only 3-iodotyrosine, eight had 
only 3,5-diiodotyrosine, six contained both, and one contained 
thyroxine (T4 ) plus 3,5-diiodotyrosine. Since there were 19 different 
radioactive iodine containing peptides isolated from thyroglobulin 
which contained 20 to 25 iodoamino acid residues, this seems to indicate 
that the two 12 S components are not identical in their iodoamino 
acid content. If they were identical the maximum number of radio-
active iodine containing peptides should not have been greater than 
one half the number of iodoamino acid residues per mole of thyro-
globulin. An alternate explanation for this finding is that thyro-
globulin consists of three or four dissimilar polypeptide chains 
(Dopheide and Trikojus, 1964; McQuillan and Trikojus, 1966), in 
which case the maximum number of iodopeptides could be greater than 
one half, but less than or equal to the sum of the iodoamino acid 
residues in the thyroglobulin. 
Thyroglobulin has an isoelectric point at pH 4.58 and can be 
denatured by acid (pH<4.5) and base (pH>ll.3), detergents, and high 
ionic strengths of various salts. KSCN has a profound effect on the 
denaturation of thyroglobulin, with strong KSCN solutions causing 
5 
the 19 S component to fragment into two slower sedimenting components, 
12 S and 17 S. It has been shown that the quantity of 17 S component 
formed in comparison to the 12 S component can be controlled by using 
KSCN solutions in concentrations greater than one molar. (Metzger & 
Edelhoch, 1961) 
The physicochemical properties and the amino acid composition 
of the thyroglobulin of normal animals of a given species have been 
found to be constant despite very different degrees of iodination. 
Amino acid analyses have been performed on the thyroglobulins from 
calf, sheep, pig, and man (Spiro, 1970) with the results as summarized 
in Table I. As can be seen from the table, the amino acid composition 
of the various thyroglobulins is quite similar. The amino acids, which 
number approximately 5,500 per molecule of thyroglobulin, account for 
87-91% of the weight of thyroglobulin with carbohydrates and iodine 
making up 8-10% of the remainder of the weight. As can be seen from 
Table I, the various thyroglobulins contain approximately one fifth 
of their amino acid residues in the form of dicarboxylic amino acids 
and almost one half of these are in the amide form. About 10% of 
the remaining total amino acids are basic amino acids. 
The iodine content of thyroglobulin has been shown to be an 
important determinant as to the type of associated subunit structure 
of thyroglobulin. Increased iodination has been reported by Edelhoch 
and Lippoldt (1962) to render thyroglobulin more susceptible to de-
naturation by alkali and heat. Both thermal and alkaline pH treat-
ments denature the 19 S thyroglobulin into a 12 S and a 17 S com-
ponent. In fact, it has been shown that the 17 S component of 
thyroid extracts which is composed of two 12 S subunits, differs 
from the 19 S thyroglobulin only because it is not iodinated, and is 
therefore believed to be the immediate precursor of 19 S thyroglob-
6 
ulin (Mauchamp et al., 1965). Therefore, 19 S thyroglobulin is believed 
to be produced by conformational changes after iodination of tyrosine 
residues (Mauchamp et al., 1965). Only above 40% iodination of the 
tyrosyl residues do the configurational properties of thyroglobulin 
change. At higher levels of iodination, thyroglobulin becomes 
denatured and its properties closely resemble those of thermally 
denatured thyroglobulin. This is shown by the fact that in molecular 
studies (Edelhoch & Lippoldt, 1962), 75 atoms of iodine may be sub-
stituted on the tyrosyl residues of thyroglobulin (on the addition 
of 110 moles of iodine) with almost no discernable affect on its 
configuration or its fine structure, as is evidenced by the fact 
TABLE I 
* AMINO ACID COMPOSITIONS OF VARIOUS THYROGLOBULIN 
Residues Per Molecule 
Component Calf Sheep Pig Man 
Aspartic Acid 401 385 368 400 
Threonine 266 270 289 283 
Serine 502 494 482 484 
Glutamic Acid 697 660 673 697 
Proline 392 365 412 347 
Glycine 422 417 425 394 
Alanine 474 456 498 383 
Valine 338 329 327 310 
Methionine 56 72 54 62 
Isoleucine 155 136 131 155 
Leucine 506 489 541 476 
Tyrosine 115 118 101 110 
Phenylalanine 269 257 251 259 
Lysine 177 164 155 195 
Histidine 76 66 77 80 
Arginine 345 326 371 275 
Half-cystine a 248 248 233 244 
Tryptophan 109 112 101 117 
Iodoamino acids 28 21 31 18 
* Adapted from Spiro (1970) 
a Determined as cysteic acid after performic acid oxidation of the 
protein 
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that lightly iodinated thyroglobulin and native thyroglobulin have 
the same rate of hydrolysis when subjected to tryptic digestion. 
The effect of the iodine level on the structure of thyroglobulin was 
also noted in studies by Inoue and Taurog (1968). In their studies 
they found that freezing thyroglobulin in methylmercaptoimidazole 
resulted in altering the structure of thyroglobulin. These altera-
tions in the structure included changes in both the sedimentation 
coefficient and extent of dissociation of thyroglobulin. These 
structural modifications were shown to correlate quite well with the 
iodine level of thyroglobulin. 
There has been much work done on determining the number of 
subunits of thyroglobulin. The number of subunits of thyroglobulin 
has been reported to be four (DeCrombrugghe & Edelhoch, 1966), five 
8 
to six (Pierce et al., 1965), or eight (Lissitzky et al., 1968). 
Recently the subunit structure of thyroglobulin has been investigated 
extensively by gel filtration and polyacrylamide electrophoresis in 
sodium dodecyl sulfate (Spiro, 1973). These investigations on the 
thyroglobulins of calf, sheep, pig, man, rat, and guinea pig showed 
that most of the protein when examined by polyacrylamide electropho-
resis in sodium dodecyl sulfate was distributed between two components 
which appeared to be the 12 S and 19 S components. Smaller components, 
which represent about 20% of the total protein, were detected in the 
polyacrylamide gels with molecular weights ranging down to 20,000. 
Polyacrylamide electrophoresis of these thyroglobulins was also done 
in the presence of both sodium dodecyl sulfate and mercaptoethanol. 
The results of polyacrylamide gel electrophoresis showed the 
existence of a large number of subunits for the various thyroglobulins. 
The two most prominent components of calf thyroglobulin were found 
to have molecular weights of 215,000 and 190,000 respectively. Calf 
thyroglobulin was also shown to have subunits with molecular weights 
ranging from 30,000 to 235,000. A summary of the molecular weights 
of the subunits of thyroglobulins found by Spiro with polyacrylamide 
electrophoresis is shown in Table II. The justification for these 
findings of Spiro is that acrylamide electrophoresis is a more sen-
sitive tool for detecting small molecular weight differences among 
various components than are sedimentation studies. 
Evidence has been presented (Seed & Goldberg, 1965; Goldberg 
et al., 1964) that thyroglobulin may be synthesized by way of its 
subunits (3 S, 8 S, and 12 S). This was shown by the fact that when 
thyroid slices were incubated with labeled amino acids, radioactivity 
appeared in the 12 S, 3 S, and 8 S fractions of the soluble thyroid 
protein before it was found in the 19 S thyroglobulin. 
There has been much discussion (Krinsky & Fruton, 1971; Dunn, 
1970) as to whether the amino acid sequences around the iodotyrosine 
residues are unique or random, and whether or not the amino acid 
sequences around these tyrosine residues in thyroglobulin have an 
effect on the enzymic iodination of these tyrosine residues. There 
has been work done which seems to indicate that the amino acid 
sequences around thyroxine are unique (Dunn, 1970). In this work 
rabbit thyroglobulin was labeled in vivo with 125I. The thyro-
globulin was then digested with the enzyme Pronase under conditions 
which released most of the 3-iodotyrosine and 3,5-diiodotyrosine 
as free amino acids but left most of the thyroxine (T 4 ) and 
3,5,3'-triiodothyronine in peptide linkage. A fraction of this 
9 
TABLE II 
* MOLECULAR WEIGHTS OF THE SUBUNITS OF THYROGLOBULIN 











* Adapted from Spiro (1973) 




digest which contained most of its iodine as iodothyronine was sep-
arated by gel diffusion into seven iodopeptide fractions. Additional 
fractionation of the digest on Dowex l-X2 yielded an additional eight 
iodopeptide fractions. In these fifteen fractions the most prominent 
amino acid constituents were thyroxine, glutamic acid, serine, aspartic 
acid, and alanine. Since a total of two-thirds of the thyroxine of 
thyroglobulin was accounted for in the peptide fractions studied, 
there seems to be some indication that in rabbit thyroglobulin T4 
formation occurs principally at tyrosine residues within specific 
amino acid sequences rather than at random. As stated by Dunn: 
"The question of whether T4 is restricted to a unique 
sequence was explored ind1rectly by comparing the amino 
acid compositions of all the T4 peptide fractions. The 
sequence -Ala-Ser-T4-Glx-Asx- was the only one which 
could not be excluded by this approach. Thus our find-
ings are compatible with the possibility of a unique 
sequence, but a final answer must await direct sequenc-
ing of peptides obtained by more specific means." 
Since the various thyroglobulins are quite similar in amino acid 
compositions as shown in Table I, there is a possibility that fur-
ther study will reveal a unique sequence or several unique sequences 
around the thyroxine, 3-iodotyrosine, and 3,5-diiodotyrosine 
residues in peptide linkage in thyroglobulin. 
With more studies on thyroglobulin being conducted, a greater 
knowledge of the mechanism of iodination of thyroglobulin may be 
revealed. Likewise from these studies, more insight into the subunit 
structure of thyroglobulin and a better mechanism for the synthesis 
of the thyroid hormone, thyroxine, may be elucidated. 
B. IODINATION IN THYROGLOBULIN 
Iodination of tyrosine residues in thyroglobulin, or in its 
subunits, is one of the essential steps in the formation of thyrox-
ine in the thyroid gland. It is known (Taurog & Howells, 1966) 
that the iodide ion must first be oxidized to a higher oxidation 
state than the oxidation half-cell reaction, 2I-+I 2 , before it can 
iodinate tyrosine. Therefore, it has been implicated that H2o2 , 
which has a higher potential than the 2I-+I2 half-cell is respon-
sible for oxidizing the iodide ion in the thyroid gland. Histo-
chemical evidence for the presence of a peroxidase in the thyroid 
was first reported by Dempsey in 1944 and was confirmed by others 
(De Robertis & Grasso, 1946; Villamil & Mancini, 1947; and Kracht 
& Kracht, 1951). Iodination of tyrosine residues in thyroglobulin 
has been shown to be catalyzed by a single enzyme, a peroxidase 
(Schachner et al., 1943; Klebanoff et al., 1962; Serif & Kirkwood, 
1958). However, work done by Yip (1965) has suggested that there 
are two enzymes which function in the iodination of tyrosine 
residues in thyroglobulin: namely a peroxidase enzyme, which 
functions in the oxidation of the iodide ion, and an iodinase enzyme, 
which catalyzes the iodination of tyrosine residues in thyroglobulin 
by the oxidized iodide ion. In this work Yip stated that he has 
isolated from beef thyroid particulate preparations, solubilized 
with pancreatin, two chromatographic fractions with very distinct 
enzymic activities. These enzymes were both very active in their 
respective reactions when supplied with H2o2 . Fraction I, stated to 
be the iodinase enzyme, very actively catalyzed the iodination of 
tyrosine and the oxidation of NADH2 but did not catalyze the 
12 
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peroxidation of o-dianisidine. Fraction II, stated to be the perox-
idase enzyme, was less active than Fraction I in the iodination of 
tyrosine and the oxidation of NADH2 , but was very active in the 
peroxidation of o-dianisidine. 
In contrast to the above was work done by Nicholson (1968) 
which seemed to give support to the existence of a single enzyme 
in the iodination of tyrosine residues of thyroglobulin. In this 
work Nicholson isolated from porcine thyroid glands an enzyme which 
had peroxidase and iodinase activity. This enzyme was also shown to 
be spectrally and immunologically different from exocrine gland 
peroxidase and beef thyroid peroxidase. This fact, therefore, seems 
to lend support to the belief that iodinase activity is another 
property of the thyroid peroxidase enzyme rather than of a separate 
enzyme. 
Other studies (Taurog & Howells, 1966; Taurog & Gamble, 1966) 
have shown that the iodination of thyroglobulin is also readily cata-
lyzed by purified chloroperoxidase, lactoperoxidase, myeloperoxidase, 
and horseradish peroxidase in the presence of added or enzymically 
generated H2o2 . In support of this, work has been done by Coval & 
Taurog (1967) in which they have shown that iodination of the tyrosine 
residues of thyroglobulin is readily catalyzed by these peroxidases 
with significant formation of thyroxine being observed. The best 
yields of iodinated amino acids were obtained with high concentra-
tions of both thyroglobulin and peroxidase. Also in this work, the 
yield of thyroxine seemed to parallel the formation of 3,5-diiodoty-
rosine, an observation which seems to be in accord with the view that 
3,5-diiodotyrosine is the precursor of thyroxine (Taurog & Howells, 
1966; Toi et al., 1965). 
It has also been shown that thyroid peroxidase exhibits specifi-
city in the iodination of tyrosine residues in peptide linkage 
(Krinsky & Fruton, 1971). Working with synthetic peptides, they 
have shown that peptides with the sequences Gly-Glu-Tyr and Glu-
Tyr-Glu were iodinated by thyroid peroxidase much more rapidly 
than other tyrosine derivatives tested. This seems then to indi-
cate that in iodination of proteins such as thyroglobulin, the 
thyroid peroxidase participates in cooperative secondary inter-
actions with groups other than the phenolic groups of tyrosine res-
idues. Similar specificity was not noted with lactoperoxidase or 
horseradish peroxidase which indicates that these enzymes must 
differ from thyroid peroxidase in regard to these secondary inter-
actions. 
Iodination of thyroglobulin has been shown (Seed & Goldberg, 
1965; Sellin & Goldberg, 1965) to proceed much more rapidly than 
the incorporation of labeled amino acids into thyroglobulin which 
suggests a dissociation between iodination and synthesis of thyro-
globulin. This concept was proved by the above investigators through 
the use of puromycin which blocks thyroid protein synthesis over 99% 
with no effect on the incorporation of iodine into thyroglobulin. 
Even using puromycin, iodination of thyroglobulin proceeded at the 
same rate as the iodination without any added puromycin. Their 
results seemed to indicate that iodination of thyroglobulin is an 
event which occurs after the completion of the polypeptide backbone 
of thyroglobulin. Work done by Alexander (1964) supported this 
belief because he was able to show the existence of an amino acyl 
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transfer RNA enzyme for tyrosine, but not for iodotyrosines. Sim-
ilarly Seed and Goldberg (1963) found that RNA synthesis was not 
required for the iodination of thyroglobulin. This was shown when 
thyroid slices were preincubated with 10 ~g of actinomycin per ml 
of solution for 30 minutes with no discernable inhibition of the 
subsequent iodination of thyroglobulin. With the use of propylthio-
uracil, there was no inhibition in the incorporation of amino acids 
into thyroglobulin so that it has been shown that synthesis of thy-
roglobulin is independent of the iodination of thyroglobulin. 
Klebanoff et al. (1962) proposed that the iodination of tyrosine 
residues in thyroglobulin by thyroid peroxidase, myeloperoxidase, or 
lactoperoxidase can be coupled to the oxidation of NADH and NADPH 
by these enzymes. Thus they proposed that the coupled oxidation-
iodination reaction involves the following: 
H2o2 +I peroxidase) "oxidized iodide"+ H2o 
"oxidized iodide"+ tyrosine non-enzymic> iodotyrosines 
or peroxidase 
As seen from the above reactions, the peroxidatic oxidation of 
reduced pyridine nucleotides in the thyroid gland acts as a source 
of H2o2 . This supply of reduced pyridine nucleotides has been 
suggested to come from the oxidation of glucose via the hexose 
monophosphate pathway (Yip, 1965). The existence of this pathway 
in the thyroid gland and the stimulatory effect of the thyroid-
stimulating hormone on this pathway have been demonstrated by 
several groups (Field et al., 1960; Dumont, 1961; Pastan et al., 
1963). 
As can be seen from this discussion, much has been found out 
about the iodination of tyrosine residues of thyroglobulin under 
in vitro conditions. However, whether or not a single enzyme is 
involved in thyroidal iodination of tyrosine residues in vivo must 
await further studies. 
C. SEQUENCE DETERMINATION OF PEPTIDES 
16 
The sequence determination of peptides is limited to small pep-
tides because of the large quantity of peptide material needed for 
the complete sequence determination of large peptides. However, a 
large peptide can be hydrolyzed by various enzymes into smaller pep-
tides on which complete amino acid sequence determinations can be 
done. The sequence of a large peptide can then be resolved by over-
lapping the small peptide fragments. The sequence of a peptide can 
be found by cleaving the amino acids from the amino terminal end or 
the carboxyl terminal end of the peptide and identifying these amino 
acids. 
Following are some of the chemical and enzymic methods used 
for the determination of amino terminal and carboxyl terminal amino 
acids of peptides. 
1. Methods for the determination of amino terminal amino 
acids of peptides. 
a. Dinitrofluorobenzene (DNP) method. (Narita, 1970) 
In this method introduced by Sanger, 1-fluoro-2,4-dinitrobenzene 
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(FDNB) reacts quantitatively under mild alkaline conditions with the 
free amino terminal amino group of a peptide forming a dinitrophenyl 
(DNP) peptide. Since the ~-N bond formed is stable to acid hydro-
lysis, the DNP-amino acid is hydrolyzed from the peptide chain, 
which is hydrolyzed itself into free amino acids. With the results 
of the hydrolysis being a mixture of amino acids and the terminal 
DNP-amino acid, the degradation can be used only once for a given 
peptide sample. The DNP-amino acids are bright yellow in color 
and can be extracted into an organic solvent such as ether. This 
DNP-amino acid can be chromatographed with other DNP-amino acid 
standards for identification by comparison. The reagent FDNB is 
reactive not only with a-amino, a-imino, and E-amino groups of 
amino acids, but also with the sulfhydryl group of cysteine, the 
phenolic group of tyrosine, and the imidazole group of histidine, 
so that when these three amino acids are located at the amino ter-
minal positions they are recovered as their di-DNP derivatives. How-
ever, when these three amino acids are within the peptide chain and 
the peptide is reacted with FDNB, they form DNP-derivatives and not 
di-DNP derivatives, since their amino groups are in peptide linkages. 
Therefore, upon hydrolysis of the peptide, the appearance of one of 
these three amino acids as a DNP-derivative will signify that it is 
in the peptide chain and not at the amino terminal position. 
b. Dansyl chloride method. (Narita, 1970) 
In this method non-fluorescent dansyl chloride (1-dimethylamino-
napthalene-5-sulfonylchloride) reacts with the amino terminal amino 
acid of a peptide to give a strong yellow fluorescence upon sul-
fonamide formation. The main advantages of this method over the 
dinitrofluorobenzene method are the 100 fold increase in sensitivity 
making it possible to handle less than one nanomole of sample, and 
the increased stability of the DNS-amino acid over the corresponding 
DNP-amino acid to acid hydrolysis. Dansyl chloride reacts with the 
same groups as the fluorodinitrobenzene. However, the DNS-deriva-
tives of thiol and imidazole compounds are very labile in both acid 
and alkali, and are broken down completely under the conditions 
used to hydrolyze peptides. 
c. Phenylisothiocyanate method. (Edman, 1970) 
This method was first introduced by Edman and has been used 
extensively since then with various modifications to establish 
the amino acid sequence of peptides and proteins. The reaction of 
phenylisothiocyanate with an N-terminal amino acid consists of three 
steps as follows: 
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i) The coupling reaction consists of the formation of a 
phenylthiocarbamyl (PTC) derivative of the peptide by coupling 
the N-terminal amino acid of the peptide with phenylisothio-
cyanate. 
ii) The cleavage reaction requires a strongly acid medium and 
involves cleavage of the PTC-peptide at the peptide bond 
nearest to the phenylisothiocyanate substituent. This 
results in the formation of a 2-anilino-5-thiazolinone deri-
vative and a peptide with one less amino acid than the 
original. 
iii) The conversion reaction consists of converting the above 
derivative into the isomeric and stable 3-phenyl-2-
thiohydantoin (PTH) derivative in an acid medium. This 
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conversion takes place in two reactions, which consist 
of the hydrolysis of the thiazolinone to the FTC-amino 
acid and the cyclization of the FTC-amino acid to the cor-
responding FTH-amino acid. The FTH-amino acid may then be 
identified by comparison with known FTH-amino acid standards. 
Since a free N-terminal group is produced after each degra-
dation, the peptide may be degraded sequentially. These 
reactions are shown in Figure 1. 
d. Leucine aminopeptidase. (Narita, 1970) 
Leucine aminopeptidase, an enzyme from swine kidney, removes amino 
acids sequentially from the unblocked N-terminal amino end of peptides 
and proteins. This enzyme catalyzes the hydrolysis of all amino acids 
of terminal peptide bonds with the exception of the terminal proline 
peptide linkage. When the released amino acids are estimated as a 
function of incubation time, the amino acid sequence of small 
oligopeptides can be deduced. 
e. Cyanate method. (Narita, 1970) 
In this method potassium cyanate reacts quantitatively with the 
amino groups of the N-terminal residues of large peptides and proteins 
at neutral or slightly alkaline pH in the presence of denaturants to 
form carbamylated derivatives. Upon heating the carbamyl peptide 
or protein in strong acid, the N-terminal residue cyclizes to the 
corresponding hydantoin with cleavage of the peptide bond. This 
carbamyl derivative requires more drastic conditions for cyclization 
to the hydantoin than that which is required to form the phenyl-
thiohydantoin in the phenylisothiocyanate method. Therefore, there 
is partial hydrolysis of the residual peptide so that this method 
c6H5 ·NCS JlNH2 ·CHR•CO·NH·X 
C H ·NH·CS•NH·CHR·CO•NH•X 6 5 
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peptide n-1 residues 
(II) 2-anilino-5-thiazolinone 
derivative 1 H 20 
~H·CS•NH•CHR·COOH 
S=C--NH 
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X = other amino acid residues in peptide linkage 
Figure 1. Chemical Reactions for the Phenylisothiocyanate Method. 
cannot be used repeatedly as is done in the Edman degradation. 
2. Methods for C-terminal group determination. 
a. Carboxypeptidases. (Narita, 1970) 
Carboxypeptidases are enzymes which remove amino acids sequen-
tially from the C-terminus of a peptide chain. They are classified 
into three groups (A, B, and C) depending on their substrate speci-
ficities. Carboxypeptidase A from bovine pancreas releases all 
C-terminal residues except for proline, arginine, and lysine. Car-
boxypeptidase B, also from bovine pancreas, releases all the C-ter-
minal residues except for proline. Carboxypeptidase C from the peel 
of citrus fruits hydrolyzes all the C-terminal residues including 
proline. 
b. Hydrazinolysis method. (Narita, 1970) 
In this method proteins and peptides are heated with anhydrous 
hydrazine at 100°C with the liberation of the C-terminal amino 
acid residue and the remainder of the peptide as amino acid hydra-
zides. The free C-terminal amino acid residue is separated from 
the hydrazides on an Amberlite IRC-50 column and is then identified 
by comparison with amino acid standards. 
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III. EXPERIMENTAL 
A. Proteins Used 
The following proteins used for this work were purchased 
from Sigma Chemical Co., St. Louis, Missouri: Thyroglobulin; 
Porcine, type II, further purified by column chromatography with 
Sepharose 4-B gel, Trypsin; twice crystallized, dialyzed and 
lyophilized, type III, from bovine pancreas, and Carboxypepti-
dase A; dialyzed and recrystallized, diisopropyl phosphofluor-
idate treated, aqueous suspension (21 mg/ml). 
B. Tryptic Digestion of Thyroglobulin 
Thyroglobulin (28 mg) was placed in a large test tube and 
5.6 ml of 0.1 M Tris buffer, pH 8.0, was added. To this solu-
tion was added 5.6 mg of trypsin, and digestion was accomplished 
by shaking the solution at 30°C for 24 hours. The reaction was 
then stopped by the addition of 1.86 ml of a 40% trichloroacetic 
acid solution. The precipitate which resulted (extremely large 
peptides and undigested thyroglobulin) was separated from the 
supernatant by centrifugation. After washing the supernatant 
three times with ether, the ether phase was discarded and the 
resultant supernatant (ca. 6 ml) was used for the isolation of 
the iodine containing peptides. (Chiang, 1970) 
C. Isolation of the Iodine Containing Peptides 
The above supernatant was applied in bands (300 ~1) to the 
middle of 24 strips of Whatman 3MM chromatography paper (2 x 10 
inches). The strips were then subjected to electrophoresis in 
a pyridine-acetate .buffer at pH 6.8 with a potential gradient of 
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10 to 15 v/cm being applied for 4 hours. The strips were then 
air dried, examined under short-wave ultraviolet light, and the 
UV absorbing band near the origin of each strip was cut out and 
sewed onto a Whatman 3MM chromatography paper strip (2 x 15 inches). 
Ascending chromatography on the strips was carried out for 18 hours 
in the solvent system 1-butanol-acetic acid-water (4:1:1 v/v). 
The strips were then air dried, examined under the UV light, and 
the UV band at the top of each strip was cut out, eluted, and the 
solution of peptides was freeze dried. 
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The freeze dried residue of peptides was dissolved in water 
(approximately 0.5 ml) and streaked across two Whatman No. 1 
chromatography sheets. The sheets were run by ascending chroma-
tography in the solvent system 1-butanol-pyridine-water (30:30:30 v/v) 
for 8 hours. The sheets were then air dried and a small strip was 
cut from each chromatogram. For the identification of the iodoty-
rosyl peptides, the eerie sulfate-sodium arsenite reagent (Bowden 
et al., 1955) was used: [10% eerie sulfate in 1 N H2so4 and 5% 
sodium arsenite in 1 N H2so4]. Equal volumes of the two reagents 
were mixed and evenly applied to a clean chromatogram sheet on a 
glass plate. The strips were then placed on the soaked sheet and 
pressed together firmly with another glass plate. On each strip 
a white spot developed against the yellow reagent background 
signifying an iodine containing compound. After allowing the 
yellow strips to dry, they were sprayed with a solution of 0.05% 
methylene blue in water. After the sheets were dried, they were 
placed in a tank containing NH3 vapors until the H2so4 had been 
neutralized. The iodine containing peptides appeared as bright blue 
spots against the yellow-green background of the paper strip. 
Another small strip was cut from each chromatogram sheet and was 
sprayed with a 0.4% ninhydrin solution in 1-butanol. The iodine 
containing peptides appeared as an orange-purplish spot after heat-
ing in a 100°C oven for 10 minutes. However, the iodine contain-
ing peptides had been purified by this procedure because five other 
spots appeared on the strips below the iodine containing peptides. 
The bands of iodine containing peptides were cut from the chroma-
togram sheets and were eluted with water. The eluted solution of 
peptides was then freeze dried. 
D. Isolation and Purification of Two Iodopeptides 
After the residue of peptides was dissolved in a small amount 
of water, the solution of peptides was streaked across a Whatman 
No. 1 chromatography sheet, and ascending chromatography was 
carried out in the acidic solvent system 1-butanol-acetic acid-
water (4:2.5:1 v/v) for 8 hours. A strip was cut from the chroma-
togram and the band of iodopeptides was identified as described 
above. Another strip was cut from the sheet and sprayed with 
ninhydrin. The strip was placed in an 110°C oven for 10 minutes. 
An orange-purplish band developed at the top of the strip and two 
purple bands near the middle of the strip. The band at the top 
was cut from the rest of the sheet, eluted with water, and the 
solution was freeze dried. The freeze dried material was 
dissolved in water (approximately 0.5 ml) and streaked across the 
middle of eight strips of Whatman 3MM chromatography paper 
(2 x 10 inches). The strips were then subjected to electrophoresis 
in a pyridine-acetate buffer of pH 3.6 with a potential gradient 
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of 29 v/cm being applied for two hours. After the strips were 
dried, a small section was cut from one of the strips, and the 
iodine reagent was used as previously described to locate the 
band of iodopeptides. Two iodopeptide bands were observed on 
the section: one near the origin of the strip in the negative 
direction and the other band about one inch from the origin in 
the positive direction. These two iodopeptide bands were cut from 
the eight strips, eluted with water and then freeze dried. The two 
peptide residues were dissolved in water and a portion (10 ~1) of 
each solution was spotted twice on a Whatman No. 1 chromatography 
sheet and ascending chromatography was carried out for six hours 
in the solvent system 1-butanol-pyridine-water (30:30:30 v/v). 
After the sheet was dried, one half of the chromatogram was sprayed 
with ninhydrin, and the other half was developed with the iodine 
reagent. A positive iodine spot was observed for each peptide. 
On the ninhydrin half for each peptide, there was a prevalent spot 
which corresponded to the iodine positive spot and two other weak 
spots, which meant that each iodopeptide was still slightly impure. 
25 
Each peptide solution was then streaked across a Whatman No. 1 
chromatography sheet and ascending chromatography was carried out 
for eight hours in the solvent system 1-butanol-pyridine-water 
(30:30:30 v/v). After the sheets were dried, the iodopeptides were 
identified with the iodine reagent and ninhydrin, and the bands were 
cut from the sheets, eluted with water, and the iodopeptide solu-
tions were freeze dried. Each peptide residue was then dissolved in 
one ml of water and 10 ~1 of each peptide solution was spotted on 
a Whatman No. 1 chromatography sheet and run in the following solvent 
systems: heptane-pyridine (7:3 v/v), 1-butanol-acetic acid-water 
(4:2:1 v/v), and phenol-ammonium hydroxide (0.88 M) (200:1 v/v). 
There was one prevalent spot for each peptide in the three solvent 
systems and consequently it was concluded that both iodopeptides 
were relatively pure. These two iodopeptides will be noted as 
iodopeptide I (peptide which moves toward the negative pole after 
electrophoresis) and iodopeptide II (peptide which moves toward 
the positive pole after electrophoresis) in further discussions. 
A flow sheet of the isolation and purification of the two iodo-
peptides is given in Figure 2. 
E. Qualitative Analysis of Iodopeptide I by Paper Chromatography 
Approximately 0.3 mg of iodopeptide I, isolated from the 
trypsin digested thyroglobulin, was placed in a sealed vial with 
6 N HCl and hydrolyzed for 24 hours in an oven at 110°C. The 
sealed vial was then opened, and the HCl was removed from the 
hydrolyzed peptide residue by vacuum on a rotary evaporator. The 
hydrolyzed residue was then dissolved in 0.1 ml of water and was 
spotted one inch from the lower left corner of a Whatman No. 1 
chromatography sheet. 
Ascending chromatography was carried out in one dimension with 
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the solvent 1-butanol-pyridine-water (30:30:30 v/v), and in the second 
dimension with the solvent phenol-ammonium hydroxide (0.88 M) 
(200:1 v/v). Two dimensional chromatography was also carried out on 
amino acid standards on several chromatogram sheets. The chromatogram 
sheets containing the amino acid standards and the hydrolyzed iodo-
peptide were then dried and sprayed with 0.5% ninhydrin solution for 
identification of the amino acids in the iodopeptide. 
Flow Sheet 
Commercial Plrci::p::::::l::u::: column 
Purified Porjcin:.Th:::::::u:::estion, 
2. TCA Precipitation 




UV-Iodine Containing Band 
Chromatography: 
24 hrs. 
1. Bu0H-HC 2H3o2-H2o (4:1:1) 
2. Bu0H-Pyr-H2o (30:30:30) 
3. Bu0H-HC 2H3o2-H2o (4:2.5:1) 
Purified UV-Iodine Containing Band 
Electrophoresis, pH 3.5 
Impure Iodopeptide I Impu e Iodopeptide II 
Chromatography: 
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l Chromatography: Bu0H-Pyr-H2o (30:30:30) 
Purified Iodopeptide I 
Bu0H-Pyr-H2o (30:30:30) 
Purified Iodopeptide II 
Figure 2. Isolation and Purification of the Two Iodopeptides. 
F. Qualitative and Quantitative Amino Acid Analysis of the Two 
Iodopeptides by Ion-Exchange Chromatography 
An amino acid analysis was performed on approximately 0.4 mg of 
each iodopeptide by Eldex Laboratories, Menlo Park, California. 
The procedure used by Eldex Laboratories (personal communication) 
was as follows. Each iodopeptide was hydrolyzed with acid and the 
amino acids were separated by the Moore-Stein ion-exchange chroma-
tography method on a Durrum high resolution cation exchanger resin, 
bead diameter 8±2 microns. The quantity of each amino acid was 
then determined by the ninhydrin reaction. The absorbance values 
for the color intensity of the ninhydrin reaction with the amino 
acids were transferred by linear output to a 10 inch strip chart 
recorder which operated in parallel with a computer and teletype. 
These absorbance values were compared to absorbance values for 
amino acid standards to give a quantitative yield for each amino 
acid in the hydrolyzed sample. 
G. Amino Acid Sequence Analysis 
1. Determination of the N-terminal amino acid of both iodo-
peptides using the dinitrofluorobenzene (DNP) method. 
A portion (0.1 mg) of each isolated iodopeptide was freeze 
dried and was then treated with 0.1 ml of 1% triethylamine and 
0.2 ml of 5% fluorodinitrobenzene (FDNB) alcohol solution for two 
hours at room temperature with moderate shaking. (Narita, 1970) 
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This method produces a dinitrophenyl (DNP) derivative of each iodo-
peptide. After the two hour shaking at room temperature, a few drops 
of water and triethylamine were added to each DNP-peptide solution 
and the excess FDNB was extracted 3 times with ether. Salt free 
DNP-peptides were then obtained by freeze drying each aqueous 
solution. The N-terminal amino acid for each iodopeptide was 
determined by hydrolyzing the N~terminal DNP-amino acid from the 
DNP-peptide in 12 N HCl for 16 hours. The excess HCl was removed 
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with the rotary evaporator and each peptide residue was then dissolved 
in a small amount of acetone. Five ~1 of DNP-amino acid standards 
(purchased from Sigma Chemical Company or synthesized in this 
laboratory) were run by ascending chromatography along with 20 ~1 
of the DNP-derivative of each iodopeptide on Whatman No. 1 chroma-
tography sheets in a solvent system prepared by saturating tert-amyl 
alcohol with 0.01 M phthalate buffer (pH 6). After chromatography 
the sheets were dried, and the DNP-amino acids were located with 
ultraviolet light. 
2. Degradation of iodopeptide I by the Edman method with 
direct identification of the PTH-amino acids. 
The procedure used for the degradation of iodopeptide I was the 
Fraenkel-Conrat modification of the Edman method (Schroeder, 1967). 
In this method iodopeptide I was absorbed on paper strips, and all 
the reactions were carried out on this support. Approximately 
0.6 mg of the iodopeptide was applied to four paper strips (each 
strip 1 x 8 em) with a hole punched at the top of each strip. The 
strips were allowed to dry for one half hour after applying the 
peptide. The strips were then saturated with a 20% solution of 
phenylisothiocyanate in dioxane. After this the strips were sus-
pended on U-shaped racks and placed in screw capped jars to which 
had been added a 15 ml mixture of equal volumes of pyridine, dioxane, 
and water. The jars were then heated in an oven at 40°C for 3 hours. 
After heating, the strips were removed from the reaction atmosphere 
and allowed to become opaque before the excess reagents were ex-
tracted three times with benzene. The strips containing the PTe-
peptide were aerated for 1 hour, placed in a dessicator with 15 ml 
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of glacial acetic acid and 15 ml of 6 N HCl in individual beakers, 
and the degradation was carried out at 100 torr pressure for 7 hours. 
This treatment resulted in the cleavage of the PTC-peptide at the 
peptide bond nearest to the PTC substituent resulting in the forma-
tion of a 2-anilino-5-thiazolinone derivative and a peptide with 
one amino acid less than the original. Since the acidic medium 
was aqueous, the thiazolinone was cyclized to the stable 3-phenyl-2-
thiohydantoin (PTH) derivative of the amino acid. 
After cyclization, the strips were placed in a dessicator with 
Drierite overnight in order to dry. The PTH-amino acid for iodo-
peptide I was then extracted from the strips with acetone, leaving 
on the strips a shortened peptide which could then be subjected to a 
new cycle of degradation. The acetone was removed under vacuum and 
the resulting PTH-amino acid residue from iodopeptide I was dissolved 
in a small amount of acetone. 
The PTH-amino acids for the degradation of iodopeptide I were 
chromatographed along with the PTH-amino acid standards (prepared in 
this laboratory or purchased from Sigma Chemical Company, St. Louis, 
Mo.) on Whatman chromatography sheets (10 x 10 inches) and run by 
ascending chromatography in the following three solvents for 
identification: (a) xylene-formamide, (b) n-butyl acetate-propionic 
acid-formamide (60:1.8:8 v/v), (c) heptane-formic acid-ethylene 
chloride (1:2:2 v/v). The PTH-amino acid standards and the PTH-amino 
acids from the degradation of iodopeptide I were located with the 
iodine-azide reagent of Sjoquist (1960). This reagent is a 1:1 
mixture of two aqueous solutions: solution one which contains 
82.5 g of potassium iodide and 2.5 g of iodine per liter, and 
solution two which contains 32.5 g of sodium azide per liter. The 
chromatograms were sprayed with the iodine-azide reagent and the 
PTH-amino acids appeared as white spots against the brown back-
ground of the reagent. 
3. Determination of the carboxyl terminal amino acid of 
iodopeptide I using the enzyme Carboxypeptidase A. 
The carboxyl terminal amino acid residues of iodopeptide I were 
determined by hydrolysis with the enzyme Carboxypeptidase A. The 
method used for the hydrolysis was that of Jackson and Hirs (1970), 
with the only modification in the procedure being that the reaction 
was carried out at 38°C instead of 25°C as described. Freeze dried 
iodopeptide I (0.5 mg) was dissolved in 0.1 ml of 1 M NaCl and the 
solution was then diluted with 0.20 ml of 0.1 M Tris-HCl buffer, 
pH 8.2. In the same buffer a 0.4% solution of Carboxypeptidase A 
was prepared and the digestion of the iodopeptide was started by 
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the addition of 0.01 ml of this enzyme solution to the peptide 
solution at 38°C. Aliquots (30 ~1) were removed at 0 (before addi-
tion of the enzyme), 0.5, 1, 2, 4, 6, 8, 10, 12, and 20 hours. The 
reaction was stopped in these various aliquots by the addition of 
0.025 ml of glacial acetic acid. The various aliquots were then 
freeze dried. Acetone containing 5% 6 N HCl was added to the various 
residues to extract the hydrolyzed amino acids from the insoluble 
salts. The acetone from each aliquot was removed under vacuum. 
Each residue was dissolved in 200 ~1 of H2o and 100 ~1 was spotted on 
two Whatman No. 1 chromatography sheets along with amino acid stand-
ards (5 ~1 each sample). Ascending chromatography was carried out 
in the solvent 1-butanol-pyridine-water (30:30:30 v/v). Another 
100 ~1 aliquot of each residue was spotted on two other Whatman No. 1 
chromatography sheets along with amino acid standards and ascending 
chromatography was carried out in water saturated phenol. After 
eight hours the sheets were removed from the chromatography chambers, 
allowed to dry, and then sprayed with the 0.5% ninhydrin solution 
for identification of the amino acids hydrolyzed from the C-terminal 
end of the peptide. 
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IV. RESULTS 
A. Isolation and Identification of the Two Iodopeptides 
Two iodopeptides were isolated and purified by paper electropho-
resis and paper chromatography from porcine thyroglobulin which had 
been hydrolyzed with trypsin and treated with 40% trichloroacetic 
acid (TCA) to precipitate the unhydrolyzed thyroglobulin. After 
precipitation, the TCA supernatant was applied to paper strips and 
electrophoresis was carried out in a pyridine-acetate buffer 
(pH 6.8). An iodopeptide band was observed on each strip as shown 
in Figure 3. After cutting the iodopeptide band from each strip, 
each band was sewed onto another paper strip (2 x 15 inches) and 
ascending chromatography was then carried out in 1-butanol-acetic 
acid-water (4:1:1 v/v) to further purify the iodopeptide band as 
shown in Figure 4. There were two iodopeptide bands observed: one 
at the top of each strip and another at the origin which was pre-
viously studied by Chiang (1970). The iodopeptide band at the top 
(partially purified) was cut from each strip, eluted with water, 
and the eluate was then freeze dried. The resulting residue was 
dissolved in water and the solution was streaked across two Whatman 
No. 1 chromatography sheets (one-half inch from the bottom), and 
ascending chromatography was carried out in !-butanol-pyridine-
water (30:30:30 v/v) for further purification of the iodopeptide 
band as shown in Figure 5. The iodopeptide band was then cut 
from the sheets, eluted, and the eluate was freeze dried. The 




Figure 3. Paper Electrophoresis of Thyroglobulin Digested with 
Trypsin. 
(Electrophoresis was carried out at 10 to 15 v/cm 
for 4 hrs. in pyridine-acetate buffer, pH 6.8. The 
UV-Iodine containing band was identified under ultra-
violet light and with the iodine specific reagent and 
ninhydrin reagent as previously described. The above 
photograph shows one of the paper strips sprayed with 
ninhydrin.) 
Figure 4. Ascending Chromatography of the UV-Iodine Containing Band 
in !-Butanol-Acetic Acid-Water (4:1:1 v/v) for 18 hrs. 
(The UV-Iodine containing band from each strip in the 
paper electrophoresis was cut out and sewed to the 
bottom of another 2 x 15 in. paper strip for ascending 
chromatography. After chromatography the UV-Iodine 
containing band was identified with ultraviolet light, 
the iodine reagent and ninhydrin reagent, and was cut 
out and eluted with water. The above photograph shows 
one of the paper strips sprayed with ninhydrin. The 




Figure 5. Ascending Chromatography of the UV-Iodopeptide Eluate. 
(The chromatography was carried out on paper in the 
solvent system 1-butanol-pyridine-water (30:30:30 v/v). 
A UV-Iodine containing band was noted near the top of 
the paper chromatograms, and was cut out from the chro-
matograms and eluted with water. The above photograph 
shows one of the paper strips sprayed with ninhydrin.) 
a chromatography sheet. Ascending chromatography was then carried 
out in 1-butanol-acetic acid-water (4:2.5:1 v/v) for further puri-
fication of the iodopeptide band as shown in Figure 6. 
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The iodopeptide band was located, eluted, and lyophylized as 
described previously. The resulting peptide residue was dissolved in 
one ml of water and was streaked across the middle of Whatman 3 MM 
chromatography strips (2 x 10 inches). Electrophoresis was then 
carried out in pyridine-acetate buffer at pH 3.5. Two iodopeptide 
bands were observed: one band near the origin in the negative direc-
tion and the other band about one inch from the origin in the posi-
tive direction. The results of the electrophoresis are as shown in 
Figure 7. Both iodopeptide bands were cut from the strips, eluted 
with water, and the eluate freeze dried. Each iodopeptide residue 
was dissolved in water and a final purification of each iodopeptide 
was accomplished by streaking each iodopeptide across a chromatography 
sheet and carrying out ascending chromatography in 1-butanol-pyridine-
water (30:30:30 v/v). Each iodopeptide was cut from each sheet, 
eluted, and freeze dried. Both iodopeptides (I & II) gave a single 
spot when 20 ~1 samples were spotted on chromatography sheets and 
ascending chromatography was carried out in the three previously 
mentioned solvent systems. This would indicate that each iodopeptide 
was relatively pure. The yield of each iodopeptide was approximately 
0.7 mg of peptide material from 28 rng of thyroglobulin. 
B. Amino Acid Composition of the Two Iodopeptides 
The results of the amino acid analysis performed by Eldex 
Laboratories for both iodopeptides are shown in Table III. Since it 
was evident from the amino acid analysis of both iodopeptides 
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Figure 6. Further Purification of the UV-Iodine Containing Band by 
Ascending Chromatography in 1-Butanol-Acetic Acid-Water 
(4:2.5:1 v/v). 
(The chromatography of the UV-iodopeptide eluate was 
carried out on paper in the solvent system 1-butanol-
acetic acid-water (4:2.5:1 v/v), for further purifi-
cation. The UV-Iodine containing band was also noted 
at the top in t h is solvent, and was cut out and eluted 
with water. The above photograph shows one of the paper 
strips sprayed with ninhydrin.) 
Figure 7. Paper Electrophoresis of the UV-Iodopeptide Eluate 
for the Separation of Two Iodopeptides. 
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(The electrophoresis was carried out with pyridine-
acetate buffer, pH 3.5 for 2 hrs. at 29 v/cm. The 
iodopeptides separated are as shown above. The two 
iodopeptide bands were cut from the paper strips 
(2 x 10 in.) and each was eluted with water. The above 




AMINO ACID COMPOSITIONSa OF THE TWO IODOPEPTIDES 
Iodopeptide I Iodopeptide II 
Lysine 0.4770 0.5710 
Histidine 1.3910 0.1630 
Valine 1.6990 2.1140 
Isoleucine 1.9060 1.8400 
Leucine 2.8490 2.0060 
Aspartic Acid 2.3039 1.6470 
Glutamic Acid 4.9610 4.7510 
Threonine 2.4430 1.2650 
Alanine 3.4130 3.1520 
Serine 6.2740 4.8180 
Glycine 8.1300 7.1920 
Phenylalanine 1.0580 
a Values are expressed in nanomoles. 
These results are based on a 0.2 mg sample of each peptide. 
that there was a slight impurity in each peptide (although both 
iodopeptides had given only one spot by chromatography in three 
solvent systems), various amino acid composition ratios for both 
iodopeptides were calculated. These ratios were calculated by 
assuming one residue present for each amino acid and forming com-
position ratios relative to that amino acid. The results for the 
amino acid composition ratios of iodopeptide I and iodopeptide II, 
assuming one alanine residue for each, are given in Table IV. The 
reason for this assumption will be given later on in the discussion 
of the results. 
41 
The results of the hydrolysis of iodopeptide I by two dimensional 
paper chromatography in the solvents 1-butanol-pyridine-water 
(30:30:30 v/v) and phenol-ammonium hydroxide (0.88 M) (200:1 v/v) 
are given in Figure 8. There were a total of eight spots (six 
intense spots and two moderately intense spots). The eight spots 
were identified by comparison with Rf values of amino acid standards 
run simultaneously by ascending two dimensional chromatography in 
the same two solvents. The Rf values and assigned identification of 
the eight spots are given in Table V. 
C. Determination of the N-terminal Amino Acid of Both Iodopeptides 
The N-terminal amino acid of each iodopeptide was determined by 
the DNP method of Sanger as described in the experimental section. 
The N-terminal DNP-amino acid of each iodopeptide (20 ~1 samples) was 
spotted on a paper chromatogram sheet along with the DNP-amino acid 
standards (5 ~1 samples). Ascending chromatography was then carried 
out in the solvent system tert-amyl alcohol saturated with pH 6 0.01 M 
phthalate buffer. The DNP-derivative of each iodopeptide and the 
TABLE IV 
AMINO ACID COMPOSITION RATIOS OF THE TWO IODOPEPTIDES 
Iodopeptide I 





Aspartic Acid 0.7011 (l)b 
Glutamic Acid 1.4536 (1) 
Threonine 0.7158 (1) 
Alanine 1.0000 (1) 
Leucine 0.8347 (1) 
Serine 1.8383 (2) 
Glycine 2.3821 (2) 
Phenylalanine 0.3100 
a Molar Ratios: Moles of each amino acid 
Moles of alanine 
Iodopeptide II 
















Figure 8. Two Dimensional Paper Chromatography of the Acid 
Hydrolysate of Iodopeptide I. 
(Iodotyrosyl peptide was hydrolyzed with 6 N HCl in 
a 110°C oven for 24 hrs. First solvent system: 
1-butanol-pyridine-water (30:30:30 v/v), second sol-
vent system: phenol-ammonium hydroxide (0.88 M) 
(200:1 v/v). Development time for each solvent: 
8 hrs. Spots were located by staining with 0.5% 
ninhydrin in 1-butanol.) 
TABLE V 
THE Rf VALUES OF THE AMINO ACIDS PRESENT IN IODOPEPTIDE I FOUND 
BY TWO DIMENSIONAL PAPER CHROMATOGRAPHY 
Spot No. Amino Acid 1st Solvent 2nd Solvent 
1 Aspartic Acid 0.17 0.09 
2 Glutamic Acid 0.20 0.18 
3 Serine 0.23 0.30 
4 Glycine 0.29 0.33 
5 Threonine 0.33 0.24 
6 Alanine 0.37 0.50 
7 Leucine 0.60 0.78 
Isoleucine a 
8 3-iodotyrosine 0.72 0.52 
a These two amino acids had the same Rf value so they could 
not be separated by paper chromatography. 
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DNP-amino acid standards were located with ultraviolet light. The 
DNP-derivative of the amino terminal residue of each iodopeptide 
corresponded in Rf value to the DNP-leucine standard. There was also 
a dinitrophenol spot (also located with UV light) near the solvent 
front for each DNP-derivative of each iodopeptide and for the DNP-
leucine standard as well as for the other amino acid standards. 
These results are shown in Figure 9 and Figure 10. 
D. Amino Acid Sequence Analysis of Iodopeptide I 
The first eight amino acid residues of iodopeptide I were 
determined by Edman degradation as described in the experimental 
section. The PTH-amino acids resulting from the Edman degradation 
were spotted (80 ~1 for each degradation) on Whatman No. 1 chroma-
tography sheets along with PTH-amino acid standards (5 ~1 samples) 
and ascending chromatography was carried out in the solvent systems: 
n-butyl acetate-propionic acid-formamide, heptane-formic acid-
ethylene chloride, and xylene-formamide. No PTH-amino acid spots 
were observed for the 9th and lOth degradations and only a weak spot 
was observed for the 8th degradation. Therefore, the concentration 
of the PTH-amino acid for the 8th degradation was increased when 
spotted on a chromatography sheet so that it would give an identi-
fiable spot when ascending chromatography was carried out. 
The PTH-amino acids for the 2nd, 5th, and 6th degradations were 
identified by comparison with PTH-amino acid standards when ascending 
chromatography was carried out in the solvents heptane-formic 
acid-ethylene chloride and xylene-formamide. Since in the first 
solvent the 2nd and 6th degradations gave spots which had the same 
Rf value, the PTH-amino acids for these degradations and the standards 
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Standard Iodopeptide I 
Figure 9. Paper Chromatography Determination of the DNP-Amino 
Acid of Iodopeptide I. 
(Solvent system: tert-amyl alcohol saturated with pH 6 
0.01 M phthalate buffer. Development time: 6 hrs. 
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0 • • Standard Iodopeptide II 
Figure 10. Paper Chromatography Determination of the DNP-Arnino 
Acid of Iodopeptide II. 
(Solvent system: tert-amyl alcohol saturated with 
pH 6 0.01 M phthalate buffer. Development time: 6 hrs. 
Spots were located with an ultraviolet light.) 
were spotted on another chromatography sheet and ascending chroma-
tography was carried out in the solvent xylene-formamide. The 
2nd degradation gave a spot in the first solvent which corresponded 
to the PTH-asparagine and PTH-MIT standards (both had the same Rf 
value in this solvent). In the second solvent the 2nd degradation 
gave a spot which when the sheet was sprayed with the iodine-azide 
spray, corresponded to the PTH-asparagine standard. Likewise in 
this solvent the 6th degradation gave a spot corresponding to 
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the PTH-MIT standard. The 5th degradation was identified as PTH-
glutamic acid by comparison with PTH-standards in the first solvent. 
The results of the ascending chromatography of the above three 
degradations and the three respective standards in the solvent heptane-
formic acid-ethylene chloride are shown in Figure 11. The PTH-amino 
acids for the 1st, 3rd, 4th, 7th, and 8th degradations were spotted 
(80 ~1 samples) on a chromatography sheet along with the PTH-stan-
dards (5 ~1 samples) and ascending chromatography was carried out 
in the solvent n-butyl acetate-propionic acid-formamide. The sheet 
was dried after chromatography and sprayed with the iodine-azide 
spray for identification of the PTH-amino acids. These PTH-amino 
acid derivatives for the five degradations and the five respective 
PTH-amino acid standards to which they correspond are shown in 
Figure 12. 
Iodopeptide II gave no characteristic PTH-amino acid spots when 
the first five degradations were spotted on paper chromatography 
sheets, ascending chromatography was carried out in the above sol-
vents, and the sheets were sprayed with the iodine-azide spray; 
consequently no further attempt was made to sequence iodopeptide II 
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Figure 11. Composite Picture of Three Degradations of Iodopeptide I 
by Ascending Chromatography in Heptane-Formic Acid-
Ethylene Chloride (1:2:2 v/v). 
(Ascending chromatography was carried out in the above 
solvent for 2 hrs. The PTH-amino acid derivatives for 
the three degradations and the three respective PTH-amino 
acid standards were identified by spraying the sheet with 
the iodine-azide spray. The PTH-derivatives and 
PTH-amino acid standards gave white spots against the 
brown background of the sheet.) 
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Figure 12. Composite Picture of Five Degradations of Iodopeptide I 
by Ascending Chromatography in n-Butyl Acetate-Propionic 
Acid-Formamide (60:1.8:8 v/v). 
(Ascending chromatography was carried out in the above 
solvent for 2 hrs. The PTH-amino acid derivatives for 
the five degradations and the five respective PTH-amino 
acid standards were also identified with the iodine-
azide spray.) 
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by the Edman method. Possible reasons for the failure of iodopeptide 
II to be degraded and sequenced by the Edman method will be discussed 
later. 
The sequence of the last four amino acids in iodopeptide I was 
determined from the carboxyl terminal end of the peptide by hydro-
lysis with the enzyme Carboxypeptidase A. Since the sequence of 
the first eight amino acids of iodopeptide I had been determined by 
the Edman degradation method, the complete sequence of iodopeptide I 
could be determined from the results of the Edman degradation and 
the hydrolysis with the enzyme Carboxypeptidase A. Iodopeptide I 
was hydrolyzed with the enzyme Carboxypeptidase A over a period of 
20 hours. At various times aliquots were removed from the enzyme 
solution and the reaction was stopped in the various aliquots by 
the addition of glacial acetic acid. The various aliquots from the 
hydrolysis were spotted on chromatogram sheets along with amino acid 
standards, and ascending chromatography was carried out for identi-
fication of the amino acids hydrolyzed from the C-terminal end. 
The results are as shown in Figures 13 and 14. 
From the results it can be seen that glycine is released 
first starting at two hours with a weak spot. At 4 hours a weak 
spot for serine begins to appear and progressively gets stronger 
signifying increased release of serine with the maximum color 
intensity with the ninhydrin developing at 8 hours. This indicated 
that the majority of the serine had been released from the peptide 
by this time. At 8 hours there developed a weak spot corresponding 
in Rf value to threonine. The spot progressively became stronger 
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1 2 3 4 5 s 
Figure 13. Paper Chromatographic Representation of the Hydrolysis 
of Iodopeptide I with Carboxypeptidase A (0.5-6 hrs.). 
[The enzyme reaction was carried out in 0.1 M Tris-HCl 
0 buffer (pH 8.2) at 38 C. Thirty ~1 aliquots were removed 
at the following times and acidified: 0.5 hrs. (1), 
1 hr. (2), 2 hrs. (3), 4 hrs. (4), 6 hrs. (5). S: mix-
ture of amino acid standards. Ascending chromatography 
was carried out in the solvent 1-butanol-pyridine-water 
for 8 hrs. and the chromatograms were sprayed with 0.5% 
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Figure 14. Paper Chromatographic Representation of the Hydrolysis 
of Iodopeptide I with Carboxypeptidase A (8-20 hrs.). 
[The enzyme reaction was carried out in 0.1 M Tris-HCl 
0 buffer (pH 8.2) at 38 C. Thirty ~1 aliquots were re-
moved at the following times and acidified: 8 hrs. (1), 
' 12 hrs. (2), 16 hrs. (3), 20 hrs. (4). s,s: mix-
tures of amino acid standards. Ascending chromatography 
was carried out in the s olvent !-butanol-pyridine-water 
for 8 hrs. and the chromatograms were sprayed with 0.5% 
ninhydrin solution for identification of the amino acids.] 
The color intensity of glycine seemed to increase slightly at 20 
hours over the intensity at 12 hours which would indicate that 
there was a possibility that another glycine residue had been 
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released with most of the release of the second glycine having occurred 
at 20 hours. However, since the color intensity of the glycine at 
12 hours was quite good, it would be hard to determine if the in-
creased color intensity at 20 hours for glycine was not caused by 
increased reaction of the glycine with the ninhydrin. If a second 
glycine were released, the gly-thr sequence found by hydrolysis 
with the enzyme would probably correspond to the gly-thr sequence 
found by Edman degradation. Thus, the complete amino acid sequence 
found for iodopeptide I is shown in Figure 15. 
1 2 3 4 5 6 7 8 9 10 
NH -Leu-Asn-Ala-Ser-Glu-MIT-Gly-Thr-Ser-Gly-COOH 2~ ~ ~ ~ ~ ~ + + + + 
+ + 
Figure 15. The Complete Amino Acid Sequence of Iodopeptide I. 
(Amino acids determined by the Edman degradation 
technique, +, from the N-terminal end. Amino acids 
determined by hydrolysis with Carboxypeptidase A, +, 
from the C-terminal end of the peptide.) 
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V. DISCUSSION 
Enzymic iodination of the tyrosine residues of iodopeptides 
has been shown to occur with more specificity than non-enzymic 
iodination of these tyrosine residues (Edelhoch, 1962; Robbins, 
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1963). This specificity is believed to be attributed to the secondary 
interactions of the thyroid peroxidase enzyme with the amino acids 
surrounding the tyrosine residues during the iodination (Krinsky & 
Fruton, 1971). Synthetic peptides have been prepared by Krinsky and 
Fruton with the sequence G1u-Tyr-Glu and G1y-Glu-Tyr around the tyro-
sine residue, and these peptides have been shown to be enzymically 
iodinated much more rapidly than peptides with other sequences around 
the tyrosine residues. In fact the apparent preference of the thyroid 
peroxidase enzyme for the Glu-Tyr sequence is consistent with the amino 
acid composition of thyroglobulin. This was shown by the fact that 
Dunn (1970) isolated 15 thyroxine containing peptide fractions from 
thyroglobulin by hydrolysis with the enzyme Pronase and glutamic acid 
was found common to all 15 fractions. Chiang (1970) isolated an 
iodopeptide from porcine thyroglobulin and determined the sequence. 
The sequence surrounding the iodotyrosine residue (Glu-MIT) was found 
to concur with the findings of Dunn and Krinsky and Fruton. The 
iodopeptide which was isolated and sequenced in this work has the 
sequence Glu-MIT-Gly around the iodotyrosine residue which is con-
sistent with the finding of the preference of thyroid peroxidase 
for the sequence Glu-Tyr in the iodination of tyrosine residues. 
These findings would seem to indicate that there is indeed some sort 
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of secondary interaction of the enzyme with the glutamic acid residue 
in the iodination of tyrosine residues in these iodopeptides. 
As can be seen, the amino acid compositions of both isolated 
iodopeptides are quite similar. Iodine containing peptides have 
been isolated with glutamic acid, serine, aspartic acid, and 
alanine as the most prominent constituents; this has also been 
shown to occur in the two peptides which were isolated in this work. 
From the sequence of iodopeptide I, it can be seen that there is 
one acidic amino acid residue (glutamic acid) and no basic amino 
acid residues present. In a pyridine-acetate buffer (pH 6.8) both 
iodopeptides moved slightly from the origin in a negative direction 
during electrophoresis, which would indicate at this higher pH that 
both iodopeptides have a slight positive charge. Also in a pyridine-
acetate buffer (pH 3.5) iodopeptide I has a slight positive charge 
and moves about one fourth inch from the origin in the negative 
direction during electrophoresis. At this pH of 3.5, the acidic 
residue (glutamic acid) would tend to be approximately isoelectric 
and would therefore not effect the electrophoretic behavior of the 
iodopeptide. 
The polar amino acid residues for iodopeptide I are found in the 
region represented by residues 4 to 9 with the exception of residue 7 
which is glycine. Since these polar residues (two serine residues, 
one threonine residue, and one glutamic acid residue) are hydro-
phyllic, it would appear that the iodopeptide, which was isolated and 
sequenced, is on the surface of the thyroglobulin molecule in a more 
aqueous environment. Since iodopeptide II has a similar amino acid 
composition to iodopeptide I, it would seem that iodopeptide II 
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is also hydrophyllic and is, therefore, also near the surface of the 
thyroglobulin molecule. 
The hydrolysis of the porcine thyroglobulin with trypsin did not 
seem to show the high degree of substrate specificity characteristic 
of the enzyme. Only those bonds involving the carboxyl groups of 
lysyl and arginyl residues should be hydrolyzed. Since there was 
a slight impurity in iodopeptide I (amino acid composition of iodo-
peptide I showed several amino acids in small quantities including 
lysine), this would indicate that there is a peptide in small 
quantity (mixed with iodopeptide I) with the carboxyl terminal end 
being lysine. The carboxyl terminal end of the iodopeptide which 
was sequenced in this work was found to be glycine. Spiro (1970) 
has shown by carboxyl terminal amino acid analyses of thyroglobulin 
that glycine is one of the amino acids released. Therefore, iodo-
peptide I could be at the carboxyl terminal end of one of the chains 
of thyroglobulin and the trypsin could indeed be exhibiting its 
high degree of substrate specificity in the hydrolysis of thyro-
globulin. However, commercial trypsin has been shown to contain 
trace quantities of chymotrypsin. Chymotrypsin hydrolyzes preferent-
ially the peptide bonds involving the carboxyl groups of aromatic 
amino acids, but cleavage has also been shown to occur at bonds formed 
by glycine (Chung, 1959). Therefore, there is a possibility that the 
iodopeptide is in the interior of the thyroglobulin molecule and not 
at the end of one of the chains. 
From the results of the amino acid analyses performed on both 
iodopeptides by Eldex Laboratories, it can be seen that no iodo-
tyrosines were detected. However, a sample of thyroglobulin known 
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to contain iodotyrosines was analyzed by Eldex Laboratories with also 
no iodotyrosines being reported. These findings can be justified by 
the fact that Eldex Laboratories analyzes for only the twenty common 
amino acids. These same iodopeptides and thyroglobulin were analyzed 
by Analytical Biochemistry Laboratories, Columbia, Mo., with the 
above same findings. However, iodopeptide I was hydrolyzed with 
hydrochloric acid and two dimensional paper chromatography was 
carried out on the hydrolyzate. A spot corresponding to 3-iodo-
tyrosine was noted on the paper as shown in Figure 8 and Table V. 
The slight impurity in iodopeptide I did not interfere with its 
sequence determination by the Edman degradation technique. Apparently 
the impurity (small peptide with lysine) was in such a small quantity 
that it was not successfully degraded by the Edman method because a 
single spot was observed for the degradation of iodopeptide I. If 
iodopeptide I were assumed to be completely pure, one could calculate 
from the amino acid composition ratio (assuming one lysine residue) 
that the iodopeptide should contain 77 amino acid residues which is 
highly improbable. Therefore, the assumption that there is a slight 
impurity in iodopeptide I seems to be justified by the results of 
the hydrolysis with Carboxypeptidase A. If there were only one pep-
tide with lysine as the C-terminal end, no hydrolysis would have 
occurred because Carboxypeptidase A does not hydrolyze C-terminal 
lysine residues. However, with the enzyme Carboxypeptidase A, 
four amino acids were hydrolyzed from the C-terminal end of the iodo-
peptide. 
Since it was evident that there was an impurity in each of 
the iodopeptides, amino acid composition ratios were calculated. 
Since it has been shown (Dunn, 1970) that alanine is a common amino 
acid constituent of iodopeptides, one alanine residue was assumed 
for each of the iodopeptides and amino acid composition ratios for 
both iodopeptides were calculated based on this assumption. With 
this assumption each iodopeptide should contain at least 10 amino 
acid residues, which was justified for iodopeptide I considering 
the results of the amino acid sequence determination for the iodo-
peptide. However, the Edman method was unsuccessful when used with 
iodopeptide II. The probable reason for this failure is that iodo-
peptide II is a larger peptide than is indicated by the amino acid 
composition ratios assuming one alanine residue. Since iodopeptide 
II is probably larger than 10 amino acid residues, it could not be 
sequenced by the Edman degradation technique unless it was broken 
up into smaller peptides. 
In conclusion, there is a possibility that in the iodination 
of tyrosine residues in thyroglobulin, the acidic amino acid 
(glutamic acid) acts as a recognition site for the peroxidase 
enzyme. Therefore, this can explain why only a small number of 
the tyrosine residues in thyroglobulin are iodinated. Since the 
iodopeptide, which was sequenced in this work, is assumed to be on 
the surface of the thyroglobulin and exposed to an aqueous environ-
ment, the tyrosine residue could be ionized quite easily and thus 
iodinated quite easily. With more studies being conducted on the 
amino acid sequence of iodopeptides isolated from thyroglobulin, it 
will be possible to interpret the secondary interactions of the 
thyroid peroxidase enzyme with the amino acids surrounding the 
tyrosine residues in the iodination of these tyrosine residues. 
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Furthermore, a determination of the amino acid sequence of these 
iodopeptides will possibly give some insight into the mechanism 
of the iodination of these tyrosine residues in thyroglobulin 
and how the hormone, thyroxine, is formed in thyroglobulin. 
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VI. CONCLUSIONS 
The amino acid analyses for both iodopeptides showed similar 
amino acid compositions. With the number of polar amino acids 
exceeding the non-polar amino acids, both of the iodopeptides 
should be on the surface of the thyroglobulin molecule. With 
the Edman degradation technique and hydrolysis with the enzyme 
Carboxypeptidase A, the entire amino acid sequence of iodopep-
tide I was determined by combining the results of the two tech-
niques. The amino acid sequence of iodopeptide I was thus found 
to be as follows: 
NH2-Leu-Asn-Ala-Ser-Glu-MIT-Gly-Thr-Ser-Gly-COOH. 
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From the work of the following investigators (as well as others), 
it is believed that there are unique amino acid sequences surround-
ing the tyrosine residues in thyroglobulin which act as recogni-
tion sites in the enzymically catalyzed iodination of these 
tyrosine residues. Synthetic peptides have been prepared by 
Krinsky and Fruton (1971) with the sequences Glu-Tyr-Glu and 
Gly-Glu-Tyr, and the tyrosine residues in these peptides have been 
iodinated enzymically to a greater extent than peptides with other 
sequences surrounding the tyrosine residues. These in vitro find-
ings of the iodination of the tyrosine residues of synthetic pep-
tides have been shown to correlate with in vivo iodination results. 
An iodopeptide was isolated from porcine thyroglobulin by Chiang 
(1970) with the sequence surrounding the 3-iodotyrosine residue 
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as Glu-MIT-Asp. As can be seen, the iodopeptide which was sequenced 
in this work was found to have the sequence sur!ounding the 3-iodo-
tyrosine residue as Glu-MIT-Gly. This glutamic acid residue 
(Glu-MIT sequence) has been postulated to act as a recognition site 
for the thyroid peroxidase enzyme in the enzymically catalyzed 
iodination of these tyrosine residues in peptides (Krinsky & Fruton, 
1971). In fact, this apparent preference of the thyroid peroxidase 
enzyme for the Glu-Tyr sequence is consistent with the findings of 
Dunn (1970) in which he isolated 15 thyroxine containing peptide 
fractions from thyroglobulin by hydrolysis with the enzyme Pronase 
and glutamic acid was found common to all 15 fractions. Therefore, 
these findings seem to give justification for the belief that the 
glutamic acid residue acts as a recognition site for the thyroid 
peroxidase enzyme in the iodination of tyrosine residues in peptide 
linkage. In conclusion, these secondary interactions of the enzyme 
with the residues surrounding tyrosine may possibly give an insight 
into the mechanism of iodination of tyrosine residues in thyroglobulin. 
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